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Movie S1. Automated sciTEM sample dispensing and top LCTEM chip placement. The sample solution is loaded into a 384 well microplate. The tip of the LCTEM holder is encased in a humidity chamber with warm water to prevent premature evaporation of dispensed liquid droplets. In this movie, two fluorescent solutions (for visual aid) are deposited onto a bottom LCTEM chip, which is already loaded into the tip of the liquid cell holder. Fiducial recognition for the placement of the top LCTEM chip is performed with a built-in camera system. The top LCTEM chip is picked up with a vacuum tip for placement onto the bottom chip after the sample had been dispensed. See Figure S1 for more details. mmol) and HPMA (0.524 mL, 0.533 mg, 3.70 mmol) were dissolved in water (4.22 mL). The solution was added to a vial, sealed with a septum, and purged with Ar for 10 min. The reaction vessel was then UV-irradiated. After every 10 min of irradiation, 0.2 mL aliquots were taken from the solution in the vial, diluted 10× in water, and DLS measurements were taken.
Standard polymerization to the micelle phase, prior to loading into a liquid cell for an LCTEM experiment. Polymers were prepared as described outside of the liquid cell, under standard polymerization conditions, to a pre-defined degree of polymerization, then quenched by exposure to air.
The solution was then purged with Ar for 15 min. An aliquot of this solution was transferred into a liquid cell for imaging.
Dry-state transmission electron microscopy (TEM). TEM samples were prepared by
depositing small (4 μL) aliquots of sample onto TEM grids (Formvar stabilized with carbon (5−10 nm) on 400 copper mesh, Ted Pella Inc.) that had previously been glow discharged in a PELCO easiGlow glow discharge unit for 90 s. The sample grid was rinsed with three drops of water, then stained with a 1%
uranyl acetate solution and rinsed with water. Excess solution was removed by blotting the edge of the grid with filter paper, then the grid was dried. TEM imaging was conducted on an HT-7700 TEM (Hitachi High Technologies America, Inc., Schaumber, IL USA) operated at 100 keV, and micrographs were recorded on an Orius SC1000A CCD camera (Gatan Inc., Pleasanton, CA, USA).
Liquid cell transmission electron microscopy (LCTEM). LCTEM chips (Hummingbird
Scientific, Lacey, WA, USA) were freshly glow discharged using an Emitech K350 glow discharge unit and plasma-cleaned in an E.A. Fischione 1020 unit. Bottom LCTEM chips were plasma cleaned for 20 s, while top LCTEM chips were plasma cleaned for 60 s prior to automated sample deposition and liquid cell assembly. Samples were deposited onto the bottom chip ~1 hr after plasma cleaning. LCTEM imaging was performed on an FEI Sphera microscope (FEI, Hillsboro, OR, USA) operated at 200 keV with a Hummingbird Scientific Liquid Flow TEM Holder (Hummingbird Scientific, Lacey, WA, USA).
Micrographs were recorded on a 2k x 2k Gatan UltraScan CCD camera (Gatan Inc., Pleasanton, CA, USA) using Gatan Digital Micrograph image acquisition software (Roper Technologies, Sarasota, FL).
The electron flux used in LCTEM experiments was calculated using the beam current measured by the phosphorus screen of the TEM through vacuum and the beam diameter used at each magnification.
The TEM camera was operating in continuous imaging mode with a 1 s exposure time.
Automated sample deposition and chip placement for LCTEM. The vial of sample solution was briefly opened to air to allow for mild oxygenation, then loaded into a sciTEM (SCIENION AG,
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Berlin, Germany) for dispensing onto a bottom LCTEM chip that had been plasma cleaned ~1 hr beforehand (to promote particle mobility within the liquid cell). 2 Sample deposition was performed with a sciTEM. Automated placement of a freshly plasma-cleaned top chip was performed with a sciTEM. See Figure S4 for schematic of sciTEM setup for automated sample deposition and LCTEM chip placement.
Automated Particle Tracking. An automated particle tracking algorithm was developed and applied to the raw LCTEM videos to automatically track individual particles for each video frame. The automated algorithm first detects potential particles per each image frame using our background subtraction (BS) algorithm; 3 see Figure S7 for illustrative outcomes. The detections are associated over time frames based on the spatial proximity and geometrical similarities of the detected particles using our automated multi-object tracking analysis (MOTA) algorithm. 4 During the process, most faulty detections are filtered out, and mis-detected particles are additionally identified to improve the accuracy of analysis.
See Figure S8 for an illustrative outcome of the MOTA. Let i denote the index number for denoting the identity of a particle, and let t denote the time index. The main output of the tracking algorithm is the silhouette image of particle i observed at time t in the form of a set of all image pixel locations interior the particle, Let denote the matrix of the pixel locations. We computed the spatial location of the particle by taking the column mean of the matrix, and computed the diameter of the particle by averaging the range of v over different projection angles v. s, corresponding to ~20×10 5 Gy/s when the total stopping power of water irradiated at 200 keV is accounted for. 5 The radicals and other molecular species generated from the radiolysis of water can be described as:
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in descending order of rate of generation per 100 keV of energy. 6, 7 To control the chemistry occurring within the liquid cell, we wanted to ensure that the concentration of radicals formed through the cleavage of thiocarbonylthio molecules is significantly higher than any radicals formed from water radiolysis, while maintaining our ability to perform PISA. At the electron flux used for the experiments described herein, under a 300 keV accelerating voltage, the expected predominant radiolysis species generated from the solvent, H2O2 and H2, can be loosely estimated at steady-state concentrations of ~5×10 -5 M in the irradiated region of the liquid cell. 7, 8 Similarly, radicals generated from the radiolysis of water can be (Figure S12 a) . When the flux was increased ~10× by increasing the magnification, micelles which had been previously attached to the window began growing quickly in size, gained significant contrast, and developed a rough morphology, as compared to smooth surfaces of typical spherical micelles ( Figure S12 c-e) . Other particles with the same roughness, which had previously been floating in the solution of the liquid cell, adhered to the surface during imaging. As the magnification was lowered, the particles remained adhered to the surface (Figure S12 f) . When the beam was relocated to a fresh, non-irradiated region of the liquid cell, the process was repeated with the same result. From this, we hypothesize that micelle growth under high dose conditions forms particles with rough morphology either due to (1) induced beam damage or (2) the formation of pathwaydependent structures. Because the rate of particle growth increased during high-dose imaging, it appears that particle formation rates are affected by the dose rate, and, with fast polymerization kinetics, structures cannot equilibrate and instead form altered morphologies. 
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